We used facial EMG to examine reactions to the attractiveness of natural (faces) and artificial (abstract patterns) stimuli under long and short presentation durations. Attractive stimuli produced strong activations of the M. zygomaticus major muscle, indicating positive affective reactions; and unattractive stimuli produced strong activations of the M. corrugator supercili muscle, indicating negative affective reactions. Fluency effects, indicated by stronger activations of the M. zygomaticus major under the longer presentation duration were, however, only found for the abstract patterns. Moreover, the abstract patterns also were associated with more consistent activations over time than the faces, suggesting differences in the processes underlying the evaluation of faces and patterns. We discuss these results in terms of differences in appraisal processes between the two classes of stimuli-the greater biological, social, and sociosexual significance of faces trigger more complex appraisals than the abstract patterns.
The aesthetic response is a complex human behavior directed toward various aspects of the environment. Aesthetic responses typically involve evaluations that are associated with beauty or attractiveness-how attractive something or someone is. It has been argued that attractiveness is appealing because it elicits positive affect. Several studies, both behavioral and physiological, have shown this to be the case with natural objects such as faces (Aharon et al., 2001; Cloutier, Heatherton, Whalen, & Kelley, 2008) and artificial objects such as artworks (Kawabati & Zeki, 2004; Vartanian & Goel, 2004) . What remains unexamined, however, is how aesthetic responses differ between natural and artificial objects. In this study, we employed facial electromyography, a measure that is sensitive to subtle differences in affective reactions. We measured aesthetic responses and psychophysiological reactions to two very distinct classes of objects: faces and abstract patterns to represent the natural and artificial categories, respectively. Moreover, we used short and long presentation duration to explore differences in aesthetic processes associated with the two categories of stimuli.
Different cognitive and affective processes may be involved in attractiveness evaluations of natural and artificial objects. We chose faces and abstract patterns because attractiveness judgments of these stimuli have been shown to be consistent over participants (faces: Etcoff, 1999; Rhodes, 2006; patterns: Jacobsen & Höfel, 2001; Tinio & Leder, 2009 ). Regarding faces, there is strong evidence that they represent a special category of stimuli that attract and bind attention (Bindemann, Burton, Hooge, Jenkins, & De Haan, 2005) . Even newborns react to face-like stimuli more intensely than to nonface-like stimuli (Goren, Sarty, & Wu, 1975) .
The processing of faces also has been shown to be very efficient. Ro, Russell, and Lavie (2001) reported that in a change detection paradigm, changes in face stimuli as compared to nonface stimuli were detected more accurately and rapidly. Similarly, Finkbeiner and Palermo (2009) found differences in the processing of face and nonface stimuli. Facial primes presented for 50 ms enhanced performance in a categorization task regardless of whether attention was directed toward the prime. For nonface stimuli, attention had to be directed toward the prime to have an influence on the categorization task. These processing benefits of faces might be based on either unique (McKone, Kanwisher, & Duchaine, 2007) or highly specialized neural networks that have evolved through lifelong learning and training (Bukach, Gauthier, & Tarr, 2006) . They are also in accordance with a higher biological and social relevance of faces as compared to other objects (e.g., Haxby, Hoffman, & Gobbini, 2000; Thornhill & Gangestad, 1999) .
More important for this study, it is not only the perception of faces that seems to be special but also the perception of their attractiveness. The perception of the attractiveness of a face might be related to survival issues such as the search for potential mates and reproduction (Etcoff, 1999; Thornhill & Gangestad, 1999) .
Attractive faces have been shown to attract attention (Duncan et al., 2007; Leder, Tinio, Fuchs, & Bohrn, 2010; Sui & Liu, 2009) , and they can be perceived under constrained viewing conditions. Olson and Marshuetz (2005) demonstrated that facial attractiveness could be processed even when faces were only shown for 13 ms, a presentation time that is too short to accurately report seeing the faces. Neural activities related to the perception of attractive faces are engaged even when participants are not asked to explicitly judge attractiveness (e.g., Aharon et al., 2001; Johnston, & Oliver-Rodriguez, 1997; Winston, O'Doherty, Kilner, Perrett, & Dolan, 2007) . Similarly, physiological responses measured by skin conductance levels are detectable even when no explicit attractiveness evaluations are required (McDonald, Slater, & Longmore, 2008) . These findings suggest that facial attractiveness is appraised rather automatically. On the other hand, Schacht, Werheid, and Sommer's (2008) found hardly any effects of attractiveness in terms of event-related potentials when beauty was not processed explicitly.
The perception of the attractiveness of nonface objects may not be as efficient as that of faces. Olson and Marshuetz (2005) examined this difference using faces and images of houses as stimuli. They showed that attractive faces, but not houses, influenced cognitive processing even under very constrained viewing conditions. Specifically, affectively positive words (e.g., laughter) primed by attractive faces (flashed for only 13 ms) were classified faster than when primed by unattractive faces. This suggests that participants may have sensed a "gist of attractiveness" that facilitated the processing of positive words. In contrast, when participants were primed by attractive or unattractive images of houses, such effects of attractiveness on cognitive processing were not found. Several features such as averageness, symmetry, and sexual dimorphism have been discussed as determinants of face attractiveness (Rhodes, 2006) . It seems that the perception of facial attractiveness is deeply embedded in our cognitive system and biology.
Compared to faces, abstract patterns do not have such biological, evolutionary, and social relevance. For example, in seeing an attractive face, socially relevant information (Frith, 2009; Kleinke, 1986) or mate quality (Duncan et al., 2007; Thornhill & Gangestad, 1999 ) may be inferred. Abstract patterns, however, do not elicit such inferences. The perceived attractiveness of abstract patterns largely depends on visual features. The patterns (from Jacobsen & Höfel, 2001) used in the present study varied systematically in symmetry and complexity. Both symmetry and complexity have relatively stable effects on attractiveness judgments Tinio & Leder, 2009 ). Nonetheless, Jacobsen (2004) also found evidence for individual differences in the attractiveness evaluations of these stimuli. Most important, in contrast to findings with faces (McDonald et al., 2008) Höfel and Jacobsen (2007) found that abstract patterns do not spontaneously elicit aesthetic processing.
We classified faces and abstract patterns as attractive and unattractive by using ratings collected by Schacht et al. (2008; faces) and Tinio and Leder (2009; abstract patterns) . To confirm this preclassification and to enable the analysis of perceived attractiveness at the level of individual participants (Hönekopp, 2006; Jacobsen, 2004) , we included blocks in which participants rated all stimuli according to attractiveness.
We employed facial EMG recordings from the M. corrugator supercilii and the M. zygomaticus major muscles (Fridlund & Cacioppo, 1986 ) because we assumed that explicit evaluations of attractiveness produce positive affective reactions (Aharon et al., 2001; Blood & Zatorre, 2001; Cloutier et al., 2008; Kawabati & Zeki, 2004; Vartanian & Goel, 2004) . Facial EMG has been shown to detect even subtle changes in affective responses due to positive and negative affective valence of the stimuli (e.g., Cacioppo, Petty, Losch, & Kim, 1986; Dimberg, Thunberg, & Elmehed, 2000; Lang, Greenwald, Bradley, & Hamm, 1993; Topolinski, Likowski, Weyers, & Strack, 2009; Winkielman & Cacioppo, 2001 ). These studies showed that stimuli with positive valence increase the activity of the M. zygomaticus major, a muscle that elevates the corners of the mouth and is active during genuine smiling (Ekman, Friesen, & Davidson, 1990) . Stimuli with negative valence, on the other hand, increase the activity of the M. corrugator supercilii, a muscle responsible for frowning (Lishner, Cooter, & Zald, 2008) .
Thus, facial EMG could reveal differences in how people process abstract patterns and faces for aesthetic evaluations. It also allows the analysis of changes over time. According to the sequential check theory of emotion, muscle activation patterns of the face reflect ongoing appraisal processes (Scherer & Ellgring, 2007a) . Basic stimulus features such as symmetry, complexity, and averageness influence the early appraisal stages, which are generally automatic (e.g., novelty and pleasantness). In contrast, later stages involve higher order cognitive processes (e.g., relevance and need/ goal conduciveness; Scherer & Ellgring, 2007b) . Faces, because of their high social and biological significance, presumably elicit more complex appraisal processes contributing to the overall aesthetic evaluation; in addition to the influence of physical features such as averageness and symmetry, affiliations, personality, or mate quality might also be assessed. Differences in appraisal processes involved in aesthetic evaluations of faces and abstract patterns are not detectable using behavioral measures because these reflect only the outcome of the underlying appraisal processes. However, facial EMG because of its sensitivity to the underlying appraisal processes could be sensitive to differences between the categories (e.g., Lanctot & Hess, 2007; Scherer & Ellgring, 2007a) .
The relative ease with which a stimulus can be processed has been shown to influence the aesthetic evaluation of the stimulus. Reber, Schwarz, and Winkielman (2004) referred to this as a fluency effect. Specifically, stimuli that are high in processing fluency are evaluated more positively than stimuli that are low in processing fluency because fluency presumably results in a mild increase in positive affective reactions (e.g., Reber et al., 2004) . In this study, differences in appraisals due to fluency were assessed by presenting the stimuli for either 400 ms or 47 ms. These durations were chosen according to a study by Reber, Winkielman, and Schwarz (1998) who found higher attractiveness evaluations of abstract patterns presented for 400 ms as compared to 100 ms. Using facial EMG, Winkielman and Cacioppo (2001) corroborated the results of Reber et al. (2004) in a study in which neutral nonface stimuli (houses, birds, and dogs) were evaluated under different presentation durations while facial EMG was recorded from the zygomaticus and corrugator muscles. Thus, behavioral evaluations and physiological measures both increased with longer presentation durations. However, for the physiological measures, only zygomaticus activity increased. This was interpreted as pos-itive affect due to fluency. Stronger activations of the zygomaticus muscle due to fluency were also demonstrated using abstract dot patterns (Winkielman, Halberstadt, Fazendeiro, & Catty, 2006) . These fluency studies used only artificial or neutral stimuli, which have little or no biological or social relevance. With such stimuli, manipulating perceptually driven processes through a longer presentation duration would presumably have a strong impact on fluency-related effects. Faces, in contrast, because of their high biological and social relevance, could trigger more complex appraisal processes (e.g., regarding partnership, or affiliation), which could reduce fluency-related processing.
Regarding the shorter presentation duration, several studies have indicated that within 47 ms, stimuli are still consciously perceived, but that higher cognitive processes are impaired. For example, famous faces flashed for about 40 ms could not be identified (McDonald et al., 2008) . However, elevated skin conductance responses, a measure of sympathetic activity and thus, physiological arousal (Dawson, Schell, & Filion, 2000) , revealed that the attractiveness of the faces had an effect even under such short presentation duration. For nonface stimuli, however, Finkbeiner and Palermo (2009) showed that in a 50-ms presentation duration, attention had to be directed toward the stimulus to have an effect on cognitive processing. In our study, we still expected some conscious processing of both stimulus categories at the 47 ms presentation time; we hypothesized that participants could still provide attractiveness judgments consciously. However, we expected more reliable attractiveness judgments in the 400 ms compared to the 47 ms presentation duration.
To summarize, if the appraisal process is more complex for faces than abstract patterns, we expect differences in affective reactions. Specifically, fluency-related effects due to the different presentation durations-47 or 400 ms-could be higher for the abstract patterns than the faces. Regarding attractiveness we expected higher activity of the M. zygomaticus major; this would reflect positive valence. On the other hand, we expected unattractive faces and patterns to enhance the activity of the M. corrugator supercilii, which would reflect negative valence. However, different classes of objects differ in many respects. To increase the possibility of detecting differences, all objects were tested with the same participants to reduce the effects of interindividual influences.
Method Participants
Twenty-eight participants (all women) from the University of Vienna participated for partial course credit. The mean age of the participants was 22.4 years (SD ϭ 2.4). Only female participants were tested because it has been shown that women show more intense, yet qualitatively similar facial mimicry than men (Dimberg & Lundquist, 1990; Lang et al., 1993) . One participant had to be excluded because of problems with data recording, and a second participant was excluded because only a few (less than six) artifact-free trials were left in several of the conditions after the preprocessing of the EMG data.
Stimuli
The abstract patterns were developed by Jacobsen and Höfel (2001) . Out of a larger set consisting of 160 stimuli, 28 attractive and 28 unattractive patterns were chosen for this study according to preratings obtained by Tinio and Leder (2009) . An equal number of simple-symmetrical, complex-symmetrical, simplenonsymmetrical, and complex-nonsymmetrical patterns were chosen. The attractive stimuli consisted of the complex-symmetrical and simple-symmetrical patterns, whereas the unattractive stimuli consisted of the complex-nonsymmetrical and simplenonsymmetrical patterns (for examples see Figure 1 ). The mean attractiveness ratings on a 7-point Likert scale from 1 (not attractive) to 7 (attractive) were 4.89 (SD ϭ 0.34) for the attractive stimuli and 2.30 (SD ϭ .31) for the unattractive stimuli according to the ratings obtained in Tinio and Leder's prestudy. To constrain the perceptual persistence of the stimuli in the short presentation duration condition, backward masking stimuli were produced for each pattern. This was done by randomly shuffling the picture parts to a size of 2 ϫ 2 pixels using a custom programmed MatLab script (MatLab 7.1; MathWorks, Inc.). This small shuffling resolution was used to avoid the emergence of random patterns within the abstract patterns. The patterns were presented at a size of 227 ϫ 227 pixels at a screen resolution of 1,024 ϫ 768 subtending approximately a visual angle of about 9°.
We used 56 faces from Schacht et al. (2008) . The people depicted were recruited from modeling agencies. The professionally produced color photographs were standardized with regard to view (frontal), gaze direction (frontal), lighting, and facial expression (neutral). Faces were reframed to ensure identical display windows and were presented on a standard gray background. All faces were rated for attractiveness on a 7-point scale from 1 (not attractive) to 7 (attractive). From this original set consisting of 114, a subset was chosen. This consisted of the 14 most (M attractiveness ϭ 4.89; SD ϭ 0.21) and least attractive male (M attractiveness ϭ 2.55; SD ϭ 0.50) and the 14 most (M attractiveness ϭ 5.58; SD ϭ 0.37) and least attractive female (M attractiveness ϭ 2.51, SD ϭ 0.64) faces according to preratings obtained by Schacht et al. For examples of the faces, please refer to Figure 1 . For each face, an individual mask was produced at the size of 10 ϫ 10 pixels. The faces and masks were presented at a size of 324 ϫ 252 pixels at a screen resolution of 1,024 ϫ 768 subtending a visual angle of about 11°. The size of the faces was chosen so that their inner features covered an area similar to that covered by the more standardized abstract patterns. Because of the different image shapes, we decided to standardize image width. Although this made the face stimuli appear larger, they were still comparable on the screen. All stimuli were presented on a 19-inch Iiyama Vision Master Pro 454 CRT (Iiyama, Japan). The screen refresh rate was set to 85 Hz. The gray background color on which the patterns and faces were presented was kept constant (RGB 240, 240, 240) .
Procedure
Measures of facial EMG. Electrodes were filled with Signa electrode gel (Parker laboratories, USA) shortly before the arrival of the participants. On arrival, participants signed a consent form. They were briefed on the EMG electrode attachment procedure. To avoid demand characteristics in collecting EMG data, participants were told that skin conductance responses would be recorded (e.g., Dimberg & Thunberg, 1998) . Following the application of the electrodes, participants were seated approximately 1 m in front of the monitor. They were instructed to avoid extensive movements, chewing, or talking to themselves because these would disturb the signal.
Presentation of the stimuli was controlled by Presentation software (Neurobehavioral Systems, Inc.). The experimental session consisted of a facial EMG recording block that was followed by a rating block that was performed twice-participants started either with the faces or the abstract patterns; order was balanced. Participants completed eight practice trials to become familiarized with the experimental design. During the EMG recording block, all 56 stimuli were shown twice: either for 47 ms or 400 ms resulting in 112 experimental trials. Each trial started with a fixation cross (3,000 ms) followed by the stimulus (either 47 or 400 ms), and then a mask (5,000 ms). After the mask, a question mark on the screen appeared until participants classified the stimulus as either attractive or not via a binary response (yes/no). This simple dichotomous task was employed to elicit spontaneous responses. In addition, by asking the participants for an explicit evaluation after each stimulus, evaluations in the context of attractiveness judgments were ensured. A variable interstimulus interval consisting of a blank screen followed (for 3,100 to 4,000 ms). The presentation order of the stimuli was random with the following constraints: First, all 56 stimuli were randomly assigned to either the 47-or 400-ms time bin with the constraint that an equal amount of preclassified attractive/unattractive stimuli was in each time bin. After all 56 stimuli were shown, time bins were switched and the stimulus presentation order was again randomized. Thus, a stimulus that was presented for 47 ms in the first run was presented for 400 ms in the second run, and vice versa. In addition, to prevent habituation, we ensured that there were at most three stimuli from the same time bin and at most three stimuli from the same attractiveness level presented in sequence.
Immediately following the EMG recording block, participants rated all 56 stimuli again in the rating block. Ratings were provided on a 7-point scale ranging from 1 (unattractive) to 7 (attractive). The scale was presented below the stimuli. No EMG data were collected during this block, and participants proceeded at their own pace. Participants were encouraged to use the full scale for their ratings. The total duration of the experiment was approximately 90 min. After participants finished the experiment, they were thanked and debriefed.
Facial EMG was recorded over the M. zygomaticus major and the M. corrugator supercilii regions of the left side of the face using bipolar placements (Fridlund & Cacioppo, 1986) . Ag/AgCl electrodes with 4 mm diameter/7 mm housings (http://www.easycap.de) were used. The ground electrode was placed on the right outer quarter of the forehead. Impedances of the electrodes were reduced to less than 10 k⍀ by rubbing the skin with abrasive paste (NuPrep; Weaver, USA). The EMG raw signals were measured with a TMS International (http://www.tmsi.com/) Portilab 20-channel amplifier and stored on a disk at a sampling frequency of 2048 Hz. Raw data were filtered online with a 500 Hz low-pass filter. Additional filtering was done offline with a 20 Hz high-pass filter to attenuate the impact of blinks (Van Boxtel, 2001) , and a 50 Hz notch filter to reduce power line artifacts.
Data Analysis
Behavioral data. To test participants' ability to recognize the attractiveness of patterns and faces under different presentation durations, the binary answers (attractive vs. unattractive) during the EMG recording block were converted into d-prime (dЈ) measures (Green & Swets, 1966) . The dЈ measure reflects participants' ability to discriminate between two different stimulus classes (here defined as attractive vs. unattractive patterns or faces). This measure controls for the tendency to say yes (that is the stimulus is attractive) even though no attractive stimulus is present. The dЈ values were computed by subtracting the z-transformed scores of the probability of yes responses (this is an attractive face or pattern) when an attractive stimulus was present minus the z-transformed scores of the probability of yes responses when an attractive stimulus was absent. For this analysis, classification of the stimuli as attractive was based on the preclassifications of the stimuli (see Stimuli section).
In addition, we calculated dЈ based on the individual ratings from the postexperiment rating block. Using individual ratings enables one to account for differences in individual preferences of the participants (Hönekopp, 2006; Jacobsen, 2004; Monin & Oppenheimer, 2005) . For each participant, a stimulus was defined as unattractive if it received a rating of 1 to 3; a stimulus that received a rating of 5 to 7 was defined as attractive. As ratings of 4 on a 7-point scale of attractiveness could be considered arbitrary, they were excluded. Thus, between two to 16 stimuli were excluded per stimulus class and participant (M ϭ 8.3 stimuli). We calculated dЈ values separately for the short and long presentation durations (47 ms vs. 400 ms), for the two categories (faces vs. abstract patterns), and for the two types of attractiveness classifications (preratings vs. individual ratings). Positive dЈ values that are statistically significant from zero indicate that participants were able to discriminate between attractive and unattractive faces or patterns. The values sampled across participants were tested against zero using t tests. Moreover, the absolute size of dЈ is a measure of how well participants were able to discriminate between patterns and faces under the different presentation durations.
To examine differences in sensitivity to attractiveness under the different presentation durations, dЈ values between presentation durations (47 ms vs. 400 ms) were compared within each condition (faces or patterns). Effect sizes (adjusted Cohen's d) for these dependent t tests were calculated according to Dunlap, Cortina, Vaslow, and Burke (1996) . The results are reported separately for condition and type of attractiveness classification.
Facial EMG. The raw data were screened for movement artifacts online and offline by crosschecking them with video recordings. Signal epochs containing movement artifacts (e.g., biting, chewing, and coughing) were excluded from further analyses. Raw data were then full wave rectified, integrated with a time constant of 125 ms (Topolinski et al., 2009; Weyers, Muhlberger, Hefele, & Pauli, 2006) , and standardized (to convert them to z scores) within-subjects and muscle sites (Winkielman & Cacioppo, 2001 ). Activations represented the relative impact of attractiveness on muscle activations for the patterns or faces. EMG activations were expressed in terms of change scores relative to a prestimulus baseline of 1 s in duration. For statistical comparisons, EMG data were averaged over trials in the respective conditions. Statistical comparisons were calculated over consecutive 1-s intervals for the first 5 s after stimulus onset. All offline data processing steps were computed in MatLab 7.1 (MathWorks, Inc.) using EEGLAB toolbox (Delorme & Makeig, 2004) . Statistical analyses were performed with SPSS 14 (SPSS GmbH Software). Due to different response strategies (e.g., for some participants the criterion to evaluate the stimuli as attractive was higher than for other participants) and due to artifacts within participants, between six and 31 trials remained in each condition for calculating the EMG activations. 
Results

Behavioral
Analyses of Facial EMG Activity
The results of the behavioral data show that individual ratings were more sensitive at capturing differences in attractiveness; thus for analyzing the physiological data, the stimuli were classified as attractive and unattractive (see description above) according to the individual attractiveness judgments from the postexperiment block. Figures 3 and 4 show the z-transformed M. zygomaticus major and M. corrugator supercilii activities sampled for consecutive 5-s intervals after stimulus onset, separately for the two stimulus categories. According to the figures, attractive and unattractive stimuli produced different activations over the muscle sites: Attractive stimuli resulted in stronger activations of the M. zygomaticus major and unattractive stimuli resulted in stronger activations of the M. corrugator supercilii. Given our interest in the temporal affective changes and the physiological correlates of beauty for the two distinct classes of objects, we present the analyses separately for the two classes of stimuli. This seems also warranted as the main variable beauty though it was seen in both classes, also had distinctive pattern such as higher dЈ values for faces in general and an often found effect, that attractive female faces were perceived as most attractive.
Abstract patterns. Corrugator supercilii responses. The results for the corrugator activations are shown in Figure 3a . Unattractive patterns resulted in stronger activations of the M. corrugator supercilii, F(1, 25) ϭ 14.07, p Ͻ .001, p 2 ϭ .36. In addition, the overall activity increased as a function of intervals, F(2.03, 50.73) ϭ 6.78, p Ͻ .001, p 2 ϭ .21. Separate analyses for each interval showed that unattractive patterns resulted in stronger corrugator activations in each interval, first, F(1, 25) 3.92, p Ͻ .01, p 2 ϭ .14, due to larger differences between attractive and unattractive patterns in later intervals. The longer presentation duration as compared to the shorter presentation duration also resulted in stronger activations of the M. zygomaticus major, F(1, 25) ϭ 4.34, p ϭ .048, p 2 ϭ .15. Separate analyses based on the intervals showed that attractive patterns resulted in stronger zygomaticus activations in the second, F(1, 25) 
Discussion
The goal of this study was to assess differences in the attractiveness evaluations of faces and abstract patterns under different presentation conditions. We found that although facial EMG activations and corresponding time courses were quite similar for both types of stimuli-attractive patterns and faces both elicited higher zygomaticus major activations whereas unattractive patterns and faces elicited higher corrugator supercilii activations-facial EMG also revealed differences in the attractiveness evaluations of the two types of stimuli. A fluency-related effect was found only for abstract patterns. In accordance with previous studies (Winkielman & Caccioppo, 2001; Winkielman et al., 2006) , the longer presentation duration produced stronger overall zygomaticus activations. Moreover, activation patterns were more consistent for the abstract patterns. Results from the behavioral measures suggest that stimulus processing was impeded under the short presentation duration; the ability to discriminate between attractive and unattractive stimuli was reduced. However, facial activation patterns still showed a clear difference between attractive and unattractive faces and patterns.
The behavioral data are interesting for several reasons. First, attractiveness in both stimulus categories was perceived under short and long presentation durations. Both dЈ measures were larger than zero even when the stimuli were shown for only 47 ms. Regarding faces, these findings are consistent with previous research. Locher, Unger, Sociedade, and Wahl (1993) compared a 100-ms presentation duration to an unrestricted presentation duration and found similar judgments. Olson and Marshuetz (2005) demonstrated that the gist of attractiveness of faces could be perceived even under a short presentation duration (13 ms). This was not found for images of attractive houses. Compared to faces, there are complex ways in which different features could define a house and determine what makes it attractive. Thus, the attractiveness of houses might have been more difficult to perceive. In the present study, we used simple abstract patterns that varied along complexity and symmetry. We found that the attractiveness of these patterns was explicitly inferred even when they were shown for only 47 ms. However, for patterns and faces, dЈ values in the 47-ms condition were significantly lower than the dЈ values in the 400-ms condition. When dЈ calculations were based on the individual attractiveness ratings rather than on the stimulus preclassifications, they were even higher. This demonstrates the importance of individual evaluation strategies in the study of attractiveness judgments (Hönekopp, 2006; Jacobsen, 2004; Monin & Oppenheimer, 2005) . Regarding the differences in presentation durations, short presentation durations could have impeded higher cognitive and evaluative processes and therefore restricted the conscious report of affective reactions. Alternatively, short presentation durations could have restricted early perceptual processes by not allowing the extraction of sufficient detail necessary for more reliable attractiveness judgments. This, however, is not in accordance with findings that detailed analysis of a stimulus might not be necessary for reliable attractiveness judgments (Bachmann, 2007; Sadr, Fatke, Massay, & Sinha, 2002) .
We found effects of activations in both corrugator and zygomaticus muscles. Corrugator activations were stronger with unattractive stimuli and zygomaticus activations were stronger with attractive stimuli. This finding is noteworthy given that previous studies have shown that zygomaticus activations are only sensitive to stimuli more extreme in valence than those used in the present study (Dimberg, 1982; Lang et al., 1993; Larsen, Norris, & Cacioppo, 2003) .
In a different study, using only mildly evocative stimuli (e.g., mountains), Caccioppo, Bush, and Tassinary (1992) showed that zygomaticus activations did not automatically indicate valence; zygomaticus activations were sensitive to valence only when participants were instructed to amplify their facial mimicry. Corrugator activations, on the other hand, automatically indicated valence and were not influenced by such instructions. Caccioppo et al. (1992) concluded that facial activation patterns were governed by automatic affective and explicit communicative factors. Theories considering facial activation patterns as serving social display functions that communicate motives and intentions (Fridlund, 1996; Parkinson, 2005) assume that explicit communicative factors are essential for the emergence of these activation patterns. Thus, the zygomaticus activations to mildly evocative stimuli found here may have been elicited by such factors. An example of this is a person who responds positively to seeing an attractive stimulus. This reaction might then be communicated (unintentionally) through a display of positive emotions. The extent to which the communication of motives or genuine affective responses contributed to the facial activation patterns found here cannot be answered with our experimental paradigm. However, because affective processing and social display theories make the same predictions regarding facial activations, facial EMG seems valuable for examining evaluations related to attractiveness.
The EMG data indicated clear differences-due to attractiveness-within the long and the short presentation durations. At a behavioral level, however, the smaller dЈ values under the short presentation duration indicated that the perception of attractiveness was impaired. Thus, physiological reactions were more sensitive to attractiveness and were somehow dissociated from the overt responses.
We found interesting differences between the two stimulus categories. In the early time intervals (first and second seconds), significant differences due to attractiveness were found only for abstract patterns. Moreover, in later time intervals, differences due to attractiveness were more consistent in the abstract patterns than the faces. The clearer results reflect the characteristics of the abstract patterns: Their beauty varied with levels of complexity and symmetry, which are both known to affect attractiveness judgments. Previous studies using the same patterns have shown that complexity and symmetry influenced their aesthetic evaluations (Jacobsen & Höfel, 2001; Tinio & Leder, 2009 ). The patterns were also novel and meaningless. Therefore, participants could not have compared them to previous experiences or to existing prototypes. Moreover, such patterns are unlikely to trigger higher order cognitive processes.
Regarding faces, perceptual factors such as symmetry (Rhodes, 2006 ) also contribute to their attractiveness. However, faces are compared to an internal prototype (Halberstadt & Rhodes, 2003) . Previous encounters with faces are meaningful in terms of evaluative dimensions such as mate quality (Duncan et al., 2007; Thornhill & Gangestad, 1999) and in terms of social display characteristics (Ekman et al., 1990) . Thus, facial attractiveness is not only influenced by perceptual factors, but also by experiential, social, and sexual factors. As a result, the appraisal processes for faces are presumably more complex than those for abstract patterns. Our results therefore are in accordance with Scherer and Ellgring (2007a) who suggested that more complex appraisal processes could account for the attenuated facial activation patterns, which results in less clear activations for faces.
Appraisal-related differences could also explain why fluency effects due to presentation duration were only found for the abstract patterns. For the abstract patterns, the longer presentation duration resulted in enhanced zygomaticus activity in the third and fourth seconds. This replicates and extends Winkielman and Caccioppo's (2001) and Winkielman et al.'s, (2006) findings that fluency enhances zygomaticus activations and as a consequence, there is an increase in positive affect. The more complex appraisal processes involved in judgments of facial attractiveness might have impeded similar fluency effects for the faces.
Future studies will further explore whether the appraisal structure is the cause of the differences in observed affective responses, for example by combining methods such as facial EMG and EEG under different task requirements and over a broader range of presentation times. Regarding repetition, in the present study, due to the loss of power resulting from artifact filtering, we were unable to properly analyze repetition effects.
The present study demonstrated that facial EMG is a valuable tool for understanding affective reactions elicited by the attractiveness evaluations of different stimulus categories. Attractive and unattractive stimuli resulted in clear facial activation patterns. Although short presentation durations restricted explicit attractiveness judgments, physiological responses to the attractiveness of faces and abstract patterns were differentiated. A fluency-related effect was found only in the abstract patterns. This suggests that there are systematic differences in the way that attractiveness is appraised between stimulus categories. For the abstract patterns, attractiveness appraisals are generally based on perceptual characteristics such as complexity or symmetry; for faces, attractiveness appraisals might additionally be based on biological, experiential, social, and sociosexual factors.
